SUMMARY:
The (Bhattacharyya, Narayanaswami and Mukerjee, 1970; Bhattacharyya and Mukerjee, 1974; Bhattacharyya, 1975) as well as by Sakazaki and his coworkers (1970 (Bhattacharyya, 1975 those of Sakazaki et al. (1970) , failed to demonstrate any cross-reactivity among the agglutinating antigens of seven O-groups of cholera and NAG vibrios . Smith based his preparative methods on those of Sakazaki et al. (1970) , which differed basically from ours in their use of unfixed broth cultures or suspensions . Instead of pure H-antisera, Smith used unabsorbed OH-antisera, testing in addition antisera to extracted flagella and flagellin. He also used conventional Oagglutination test conditions which, in our experience, are unsuitable for demonstrating H-activity in any of the vibrio species we have worked with. In view of the fundamental importance of vibrio flagella, an attempt has been made, in the present investigation, to demonstrate the reasons for these conflicting findings and to outline the optimal conditions for the performance of agglutination tests in vibrios.
MATERIALS AND METHODS
Media and cultures: Oxoid nutrient broth or agar, pH 7.4, and incubation at 37 C for 18 hr were used unless otherwise stated. The strains of cholera and NAG vibrios used conformed to the current definition of V. cholerae (International Subcommittee on Vibrio Taxonomy, 1972) and are listed in Table I . Most old stock strains had been selected for motility and smoothness by passage in soft agar (0.35%) Craigie-tubes containing complement (5% guinea-pig serum). Seven of the strains were tested as received without selection of any kind (Table I) .
Routine H-agglutination titration: The techniques for the preparation of antigens and hyperimmune antisera in rabbits, and the H-assay procedure described elsewhere (Bhattacharyya and Mukerjee, 1974) have been modified in the •\ 1) The effect of the period of incubation in broth and agar cultures, using the T1N1 formula of Smith (1974) in addition to nutrient broth. Since opacities of 380 units were not attained in broth cultures, the OP200 dilution of the antisera were used, and the culture opacities matched at 200 Klett units by centrifugation or dilution as necessary.
2) The effect of serial passage of the cultures on nutrient agar.
3) The effect of fixation of the cell suspension with 0.3% formalin in the cold for 48 hr.
4) The effect of keeping the suspension in a boiling water bath for 10 min.
5) The effect of varying the reaction temperature between 30 and 50 C.
6) The effect of dilution of the suspension between 380 and 10 Klett units, the OP380 dilution was used for both O and H antisera throughout.
The tubes were also assessed for gross agglutination in the conventional manner after 18-hr incubation.
Temperature o f denaturation o f H antigens, antisera and fibre f ormed agglutinates: Aliquots of suspensions of nine strains, and also the O-and H-antisera were heated in water baths between 55-85 C for 30 min. The heated suspensions were then tested for agglutinability with H antiserum at the OP dilution for 18 hr at 50 C. The heated antisera were assayed for activity by the routine O-and H-assay procedures.
Solubilization of preformed agglutinates, from routine titrations or reaction time assay tests, was observed by dispersing the deposit and heating it at the temperature of denaturation (Td) of the H-antigen determined as above for 30 min. The heated samples were then re-incubated at 37 C for 18 hr and observed for agglutination. Agglutinates which had been heated at a temperature 4 C below the Td were also included as controls.
Agglutinating antibody responses to single and multiple doses of OHsuspension: Rabbits were bled before and 8-14 days after receiving a single intravenous injection of formalized suspension equivalent to 109 cells, and again after receiving a total of 11 injections. The antisera were collected, complement-inactivated and preserved as before, and their O-and H-titers were assayed.
RESULTS

Factors Affecting Antigen Sensitivity
Culture conditions. On the basis of the reaction time assay and degree of agglutination at 18 hr, there was no significant difference in the performance of the T1N1 or nutrient broth media, nor in the sensitivity of suspensions in broth or saline to H-antisera. O-sensitivity, however, was reduced four-fold by suspension in saline. Agar-grown cultures were three-fold more sensitive to Hantisera than broth cultures at comparable suspension opacities. Progressive changes in activity in all cultures took place during the course of incubation (Fig. 1) . Considerable batch variability was observed. Although the O-sensitivity of broth cultures was stable and satisfactory up to three days at 37 C, H- •« =limiting dilutions at 18 hr.
the tube kept in a slanting position. Reaction beyond 18 hr did not reduce the limiting dilution for O-activity but the H-limit was reduced to 50 Klett units at 48 hr. The H-agglutinate appeared to pass through a stage of contraction between 18 and 48 hr. At antigen opacities above 180 Klett units (30% dilution), O-reaction times were proportional to dilution (Fig. 3) . In this region, the H-reaction was on average 19 times more sensitive to dilution than the O-reaction. From a doublelog plot of these data, it was calculated that a seven-fold greater cell mass was required to obtain H-reactions within the time taken for O-agglutination.
Antibody Responses to Single and Multiple Immunizing Doses of OH-suspensions
The agglutinating antibody responses of four rabbits to single as compared to multiple doses of formalized OH-suspensions were predominantly to the Ocomponent (Table II) . The O-activity was group-specific, remained steady during the period of observation and reached 30-50% of maximum observable levels. The single-dose H-response was cross-reactive but transient reaching only 1-10% of hyperimmune levels depending upon the time of sampling. B=titers determined with the non-homologous strain (EW6 or Iran II).
DISCUSSION
From the data obtained in this study, an explanation of the inability of Smith (1974) to demonstrate common H-antigens in different O-serovars of cholera and NAG vibrios was apparent. Eighteen-hour broth cultures reacted poorly if at all with H-antisera, and the reaction of even highly sensitive suspensions could not be visualized when diluted below 50 Klett units. Such preparations, however, were still O-sensitive. Whatever the potency then of the antisera, it is unlikely that Smith, who used suspensions of about 10 Klett units, could have observed reactions other than those of O antigens. His observations with antisera raised against flagella or flagellin extracts are not inconsistent with this explanation because even highly purified flagellin preparations still elicit O-antibody (Smith and Koffier, 1971) .
In view of the potential utility of the agglutination reactions of vibrios, it may be useful to summarize the optimal conditions for assay. It is well established that, whilst heat-denatured cells induce high O-antibody titers, only living suspensions of young cultures are sufficiently sensitive to O-agglutinating antibody. We found autoclaved washed suspensions useful both for immunization and O-absorption and confirm the high sensitivity and specificity of the O -agglutination test described by Barua and Sack (1964) when using unpreserved antisera. The preservative carried over in dilutions of merthiolated or azidetreated antisera up to 1/2,000, however, interfered with readings due to varying degrees of growth inhibition and autolysis (unpublished observations). This was overcome by carrying out the reaction in the cold using an optimal broth culture or suspension opacity of 80 Klett units. The H-component of multifactor OH sera was found to react in these tests in occasional strains. This could be distinguished from 0-activity by the solubility of such agglutinates, after shaking, at 65C for 30 min.
The single dose H-immune response was, unlike the O-immune response, late and relatively weak. A hyperimmunization course of 8-10 injections followed by affinity column absorption of the O-activity (Bhattacharyya and Mukerjee, 1974) resulted in pure, high-titer H-antisera which were satisfactory for slide agglutination. The optimal conditions for the assay of H-activity in vibrios were found to be the use of (1) formalin-fixed suspensions from cultures on firm, dry agar which had matured sufficiently, (2) suspension opacity of 380 Klett units, and (3) agglutination tubes with tapered ends. In our experience, lack of adequate culture maturity rather than motility accounted for the high variability of H-sensitivity in strains of fairly recent origin. In practice, cultures which developed slide agglutinability within 48 hr were satisfactory. A high reaction temperature (50 C) was of advantage because of a slow reaction rate. However, the reaction temperature becomes critical for the assay of unfixed suspensions; a reaction temperature of 45 C was found optimal. In multifactor OH-systems, two criteria were used to identify H-activity; the sensitivity of the H-component to homogenization at 16,000 rpm (Bhattacharyya and Mukerjee, 1974) or to heating at the Td.
The relationship of culture maturity to H-sensitivity and variability has not been recognized by previous workers, including ourselves. The observations of an inverse relationship between changes in O-and H-sensitivity caused by culture aging and formalin fixation, would indicate that the H-antigen of the young, metabolically active cell is masked by an O-active, surface component. These unexpected observations may be explained in terms of the unusually complex structure of vibrio flagella. The flagellar filament of several vibrio species, unlike that of other bacteria, is encased in a sheath (Smith and Koffier, 1971) . Evidence that this sheath has O-specificity has been discussed elsewhere (Bhattacharyya, 1975) . Furthermore, it has been demonstrated electron-microscopically that the vibrio sheath is a unit membrane identical to and continuous with the cell wall membrane (Das and Chatterjee, 1966; Seidler and Starr, 1968) . It seems likely, therefore, that the masking effect we observed in young, living 26BHATTACHARYYAVol.30 cultures was due to an intact cell-wall membrane preventing reaction of the flagellar filament with H antibody; unmasking occurred by damage to the membrane as a result of cell aging or formalin treatment. More recently we have obtained evidence that selective damage of this masking component also occurs in resting cells by exposure to a temperature of 45 C or 1.2% phenol, and is accompanied by a rise in H-sensitivity and fall in O-sensitivity (unpublished observations).
The present results confirm earlier conclusions (Bhattacharyya, Narayanaswami and Mukerjee, 1970; Sakazaki et al., 1970; Bhattacharyya and Mukerjee, 1974 ) on the identity of the H-antigens of all vibrios which conform to the latest definition of V. cholerae (International Subcommittee on Vibrio Taxonomy, 1972). This concept is further supported physico-chemically by the narrow range of Td values in these vibrios.
